1. Searching for food is the first critical stage of foraging, and search efficiency is enhanced when foragers use cues from foods they seek. Yet we know little about food cues used by one major group of mammals, the herbivores, a highly interactive component of most ecosystems. How herbivores forage and what disrupts this process, both have significant ecological and evolutionary consequences beyond the animals themselves.
| INTRODUCTION
How do animals find their food? The answer to this deceptively simple question is important because finding food is the first critical stage in foraging. Failure renders all other foraging decisions, related to food quantity or quality, irrelevant. In exploring foraging decisions, optimal and Bayesian foraging theories assume food patches are found randomly or with equal probability and so focus on patch quitting (Charnov, 1976; McNamara, Green, & Olsson, 2006; Pyke, 1984) . In contrast, other foraging models explore search rules, but often assume foragers act in information-deprived landscapes (Bartumeus, Raposo, Viswanathan, & da Luz, 2014; Benhamou & Collet, 2015) . Yet environments are not information-free and food items have visual, odour and other cues that foragers can exploit to target their search. Model simulations show that even in conditions where signals are sparse, the use of sensory information, including noisy odour cues, can reduce search time and increase foraging efficiency (Hein & McKinley, 2012) . Recent empirical studies highlight the need to consider and incorporate sensory cues and the perceptual capacity of animals to understand foraging movement strategies (Auger-Methe et al., 2016) .
Many invertebrates use visual and odour cues to find flowers (Hoballah et al., 2005; Papiorek et al., 2016) . Hymenoptera rely on ultraviolet floral pattern cues to locate food (Jones & Buchmann, 1974) , the nectar-feeding nocturnal hawkmoth (Manducta sexta) is attracted to highly reflective and scented floral cues (Raguso & Willis, 2005 (Gibernau, Hossaert-McKey, Frey, & Kjellberg, 1998) . Similarly, mammals such as frugivorous bats are attracted by the smell of ripe fruit (Hodgkison et al., 2007; Thies, Kalko, & Schnitzler, 1998) , spider monkeys (Ateles geoffroyi) use odour to distinguish between edible and inedible fruit (Hiramatsu et al., 2009) , and mice (Mus domesticus) foraging nocturnally use food odour to increase foraging success (Carthey, Bytheway, & Banks, 2011) . Predators such as foxes, cats and weasels, are attracted to the scent of their small mammal prey (Hughes, Price, & Banks, 2010; Ylonen, Sundell, Tiilikainen, Eccard, & Horne, 2003) .
Even semi-aquatic mammals, the star-nosed mole (Condylura cristata) and water shrew (Sorex palustris), sniff underwater air bubbles to follow scent trails leading to food (Catania, 2006) . Food cues, both odour and visual, are clearly common and influential sources of information used by many foragers.
Herbivores, too, search for food in the complex odour and visual landscape provided by vegetation. How herbivores negotiate such noisy, information-rich environments, and whether and which cues they use to find their plant food, have been studied almost exclusively with invertebrates (Beyaert & Hilker, 2014; Riffell, Lei, Christensen, & Hildebrand, 2009; Riffell et al., 2014; Wilson, Kessler, & Woods, 2015) . The leaves of plants emit complex odour signatures from volatile organic compounds (VOCs) such as phenylpropanoids, green leaf volatiles (Scala, Allmann, Mirabella, Haring, & Schuurink, 2013) , monoterpenes (Low, McArthur, Fisher, & Hochuli, 2014) and terpenoids (Dudareva, Klempien, Muhlemann, & Kaplan, 2013) .
Electrophysiological responses of insect antennae indicate that insects usually respond to a subset of emitted VOCs, and to ratios of ubiquitous compounds rather than to species-specific compounds (Bruce, Wadhams, & Woodcock, 2005) . These VOCs form odour plumes, moving as discrete "packets" with air turbulence (Beyaert & Hilker, 2014) .
Flying insects can detect and track (Beyaert & Hilker, 2014 ) within a certain attraction radius (Braasch & Kaplan, 2012) influenced by plant architecture (Verdeny-Vilalta, Aluja, & Casas, 2015) .
Feeding damage to leaves can enhance the emission of odour cues (Kessler & Baldwin, 2001; Low et al., 2014) , altering direct and indirect interactions among organisms. For example, VOC cues from damaged plants attract invertebrate herbivores (Unsicker, Kunert, & Gershenzon, 2009 ) but may also act as a warning signal intercepted by other plants (Kost & Heil, 2006) or as a putative "cry for help" (Dicke & Baldwin, 2010; Sam, Koane, & Novotny, 2015) attracting natural enemies of invertebrate herbivores including parasitoids (Farmer, 1997) and predators (Amo, Jansen, van Dam, Dicke, & Visser, 2013) .
While leaf odour is clearly important for invertebrate foragers, mammalian herbivores could also use odour cues from food plants to increase their search efficiency. Yet there is scant ecological research on whether or how they do. Many mammalian herbivore species have a powerful olfactory sense: captive African elephants Loxodonta africana can detect minute traces of TNT (Miller et al., 2015) , captive Asian elephants Elaphas maximus discriminate among synthetic plant odorants on filter paper (Arvidsson, Amundin, & Laska, 2012; Rizvanovic, Amundin, & Laska, 2013) and captive sheep link odour associated with food to post-ingestive consequences (Provenza, Kimball, & Villalba, 2000) . Species such as northern flying squirrels Glaucomys sabrinus (Pyare & Longland, 2001) 
, Tasmanian bettongs
Bettongia gaimardi (Donaldson & Stoddart, 1994) , long nosed potoroos Potorous tridactylus (Vernes & Jarman, 2014) , swamp wallabies Wallabia bicolor (Hollis, Robertshaw, & Harden, 1986) and wild boar Sus scrofa (Genard, Lescourret, & Durrieu, 1988 ) detect subterranean fungi using odour cues when foraging. Given this, it is surprising how little we know about the use of leaf odour by foraging mammalian herbivores.
We have recently shown that a mammalian browser, the swamp wallaby, uses plant cues, particularly odour, when foraging in open eucalypt forest and woodland. Free-ranging swamp wallabies use volatile terpenes to increase foraging efficiency at artificial food patches (Bedoya-Pérez, Isler, Banks, & McArthur, 2014) . They also use leaf odour as a cue to find visually concealed tree seedlings, damaged leaves, and to differentially find leaves differing in nutrient quality (Stutz, Banks, Proschogo, & McArthur, 2016; Stutz, Croak, Banks, Proschogo, & McArthur, 2017) . Together, this provides strong
browsing, foraging, herbivore, multi-trophic, odour cue, plant volatiles, sensory ecology, VOC evidence that plant cues-particularly leaf odour-play a significant role in the search phase of foraging.
Our aim here was to quantitatively test the capacity of mammalian herbivores to use olfactory cues in locating manipulated plant food sources within complex vegetation, and to explore the temporal implications of inhibiting these cues on foraging activity.
We asked three questions pertinent to the search phase of foraging:
1. How sensitive are herbivores to quantitative differences in leaf odour?
2. Do odour cues of damaged leaves on plants elicit a stronger response from herbivores than intact leaves? 3. Is plant odour an essential cue for successful foraging by herbivores at night?
Our hypothesis was that the attraction radius of odour for herbivores depends on the strength of the odour cue, which in turn is a function of both leaf quantity and leaf damage since both increase VOC emission.
We therefore predicted that as the quantity of leaves and hence odour cue increased, or if leaves were damaged, time to detect the source would decrease. We also hypothesized that odour cues are more effective than visual cues at night, and so we predicted that during nocturnal foraging, herbivores would find plants they can smell but not see, faster than plants they can see but not smell.
We focused on the odour-mediated interactions between a freeranging native mammalian herbivore, the swamp wallaby and a native food plant, Eucalyptus punctata in open eucalypt forest. Swamp wallabies (mean body weight female 15 kg, male 19 kg [Garnick, Di Stefano, Elgar, & Coulson, 2016] ) are the "deer" of eastern Australian forest ecosystems, mixed feeders (Di Stefano & Newell, 2008) , abundant and a key driver of plant community dynamics (Dexter, Hudson, James, MacGregor, & Lindenmayer, 2013; Di Stefano, Butler, Sebire, & Fagg, 2009a) . Eucalyptus trees are foundation species (Borzak, O'ReillyWapstra, & Potts, 2015) yet their seedlings are highly vulnerable to herbivory (Moles & Westoby, 2004) and can be poorly defended (McArthur, Loney, Davies, & Jordan, 2010) . In searching for seedlings, herbivores must detect a food source that is often visually hidden by other vegetation. Odour may provide the only mechanism for longdistance detection and hence non-random search.
Understanding how mammalian herbivores find food matters, not just from a functional and mechanistic perspective, but also in the broader ecological, evolutionary and management contexts.
Foraging by deer (Rooney, 2001; Stromayer & Warren, 1997) and moose (McInnes, Naiman, Pastor, & Cohen, 1992) in North America and wallabies in Australia (Di Stefano, 2005; Foster, Barton, Sato, MacGregor, & Lindenmayer, 2015) can shape plant communities; and the way in which they do so is a function of how readily they find and consume some plant species rather than others. More specifically, and significantly from an applied perspective, herbivores can threaten rare plants and undo habitat restoration efforts (Fletcher, Shipley, McShea, & Shumway, 2001; Foster et al., 2016; Keith & Pellow, 2005; Tanentzap et al., 2009) . Revealing answers to the question of how mammalian herbivores find their food may therefore unlock new solutions to inhibiting herbivory where it is ecologically or economically costly.
| MATERIALS AND METHODS

| Study site
Experiments were run in Ku-ring-gai Chase National Park, New 
| Experiment 1: How sensitive are herbivores to quantitative differences in leaf odour?
We compared four treatment levels, varying in number of leaves;
(1) zero, (2) 0.25, quarter seedling (1-3 leaves), (3) 0.5, half seedling (8-10 leaves) and (4) 1.00, whole seedling (15-17 leaves). Undamaged Brush-turkeys (Alectura lathami), which are opportunistic omnivores (Jones, Dekker, & Roselaar, 1995) , were seen in many videos. We took advantage of this to quantify and compare its (non-food-oriented) responses to those of the wallaby.
| Experiment 2: Do odour cues of damaged leaves on plants elicit a stronger response from herbivores than intact leaves?
We compared three treatments: (1) one E. punctata seedling (height range 20-35 cm) with undamaged leaves, (2) one E. punctata seedling with damaged leaves and (3) no seedling, as a control. All treatments had a black soil-filled pot (5 W × 5 D × 12.5 H cm) pinned to the ground using tent pegs. For (2), leaves were partially cut with scissors from the leaf edge to the midvein into strips c. 3 mm wide but remained on the seedling. We surrounded each sample, including the controls, with a mesh cage to obscure visual cues of the seedling (Figure 1d ). We ran the experiment for 14 days along Bobbin Head trail, replacing damaged seedlings after 1 week to maintain the odour cue, and we watered seedlings several times a week. We used a randomized block design with 16 blocks, spacing and placement of plots and blocks as in experiment 1. We filmed each plot and quantified behaviours of wallabies as described for experiment 1. Brush-turkeys did not visit plots enough to be a useful comparison.
| Experiment 3: Is plant odour an essential cue for successful foraging by herbivores at night?
We compared four treatments: (1) one whole E. punctata seedling with visual and odour cues intact, (2) one E. punctata seedling with odour cues intact but suppressed visual cues, (3) one E. punctata seedling with visual cues intact but suppressed odour cues and (4) a procedural control with no visual or odour cues. For (1), we used an uncaged seedling. For (2), we surrounded the seedling with a mesh cage as in experiment 2. For (3), we covered both sides of each leaf on the seedling in a very thin layer of Vaseline. To test the effect of this on the quantity of odour emitted, we used solid-phase micro-extraction of headspace volatiles from standard and Vaseline-covered seedlings followed by combined gas chromatography/ion-trap mass spectrometry (GC-ITMS) as in Stutz et al. (2016) (n = 3 replicates per treatment, see Figure S1 ). We confirmed that applying Vaseline reduced terpene odour significantly (t = 6.49, unequal variances, p = .017) by an average of 86%. For (4), our control was a soilfilled pot with a small amount of Vaseline on the pot, equivalent to the amount placed on leaves in (3). Each plot was watered several times a week.
We ran the experiment along Warrimoo trail as a cross-over design (Ratkowsky, Evans, & Alldredge, 1993) with four 5-day periods;
four plots per block and six blocks, spacing and placement of plots and blocks as in experiment 1. We filmed each plot as described for experiment 1, and quantified two responses from the wallabies, (1) the time taken to first visit a patch and (2) the percentage of visits occurring during the day (defined by a colour video) or night (defined by a black and white video). and block (random factor) on time to first visit (hr) by wallabies using a GLMM (GLIMMIX procedure, SAS 9.3; SAS Institute Inc.) with an inverse link function and gamma distribution (Gbur et al., 2012) . For any plot that was unvisited by the end of the experimental period of 2 weeks (five of the six plots with no seedling), we set time to first visit to the maximum (336 hr). Brush-turkeys visited all plots and so we used the identity link function and Gaussian distribution for the GLMM. To test the total number of visits as a function of treatment,
we used a loglinear model with block as a random factor (Poisson response distribution with log link function; GLIMMIX procedure, SAS 9.3).
We analysed the data in Experiment 2 as for Experiment 1, except that for rate of discovery we had sufficient replication to use Cox regression (PHREG procedure, SAS 9.3; SAS Institute Inc.) rather than the Kaplan-Meier method, and so were able to include Block as a random factor in the model. We used the EXACT method for dealing with ties and report the Wald statistic. As with the Kaplan-Meier method, this analysis takes into account right-censored data. The resulting hazard ratio indicates the relative instantaneous risk of a plot being visited, with a ratio of 1 indicating two levels of a treatment have equal chance of being visited.
For experiment 3, first, we tested for the fixed effects of treatment, period and carryover (treatment in previous period) on rate of discovery using Cox regression, including block and plot within block as random factors in the model. The control treatment (absent seedling) was never visited. We therefore repeated the analysis excluding this treatment but the results for the fixed effects and pairwise hazard comparisons were the same as for the full dataset so we do not report them further. Second, we tested the effect of treatment, period and carryover (fixed factors) and block and plot within block (random factors) on time to first visit (hr) by wallabies using a GLMM (GLIMMIX procedure, SAS 9.3; SAS Institute Inc.) with the identity link function and log-normal distribution. For any plot that was unvisited by the end of an experimental period of 5 days (all 24 samples with no seedling, six samples with a Vaseline-covered seedling), we set time to first visit to the maximum (120 hr). The effect of period was not significant and so was removed from the final model, enabling least squares means estimates of treatments. We then tested the effect of treatment (fixed factor) on the probability that wallabies first visited a seedling during the night (vs. daytime) used logistic regression with the logit link function and binomial distribution (lme4 package [Bates, Machler, Bolker, & Walker, 2015] in r [R Core Team, 2013] ). Block as a random factor was excluded from the final model (based on AIC c model comparison).
| RESULTS
| Experiment 1: How sensitive are herbivores to quantitative differences in leaf odour?
The rate of plot discovery by wallabies differed significantly as a function of leaf quantity (Kaplan-Meier estimator, Wilcoxon χ 
| Experiment 2: Do odour cues of damaged leaves on plants elicit a stronger response from herbivores than intact leaves?
The rate of plot discovery by wallabies differed significantly as a function of seedling treatment (Wald χ 2 = 49.50, adjusted df = 1.77, adjusted p < .0001) with non-unity hazard ratios (HR) for all three pairwise comparisons. The hazard was greater for damaged than undamaged seedlings (HR = 31.8, 95% confidence intervals [CI] 8.7-116.1), for damaged seedlings than when absent (HR = 1209.3, 95% CI 166.5-8,781.0), and for undamaged seedlings than when absent (HR = 38.1, 95% CI 9.1-159.4). Wallabies discovered seedlings with damaged leaves very rapidly, all within 4 days of deployment, and faster than they discovered seedlings with undamaged leaves (Figure 3a) . Rate of discovery of control plots (seedling absent) was very low and more than 70% remained unvisited at the end of the experiment (Figure 3a) . Similarly, there was a significant treatment effect on time to first visit (hr) (GLMM F 2,30 = 35.16, p < .0001); on average wallabies took c. 50 hr to first visit seedlings with damaged leaves but c. 100 hr to first visit seedlings with undamaged leaves (Figure 3b ).
There was a significant treatment effect on the total number of visits (F 2,30 = 52.49, p < .001). Seedlings with damaged leaves were visited by wallabies more than three times as often as those with undamaged leaves (Figure 3c ). On average 43% of all visits to plots with seedlings F I G U R E 3 In experiment 2, the effect of the odour cue from absent (control), whole Eucalyptus punctata seedlings with undamaged leaves, and whole E. punctata seedlings with damaged leaves, on (a) percentage of plots remaining unvisited over time, 
| Experiment 3: Is plant odour an essential cue for successful foraging by herbivores at night?
The rate of plot discovery by wallabies differed significantly as a function of seedling treatment (Wald χ 2 = 34.72, adjusted df = 2.00, adjusted p < .0001). All pairwise comparisons, except whole vs. caged seedlings, had non-unity hazard ratios (Table 1) . Wallabies discovered plots with whole and caged seedlings very rapidly and all within 1.5 days of deployment ( Figure 4a ). Discovery of plots with Vaseline-covered seedlings was intermediate between whole/caged seedlings and the control (seedling absent), and 25% of these Vaseline-covered seedling plots remained unvisited throughout the experiment. Control plots were never visited ( Figure 4a ). Period (Wald χ 2 = 11.61 adjusted df = 3.00, adjusted p = .0089) and carryover (Wald χ 2 = 62.27, adjusted df = 2.00, adjusted p < .0001) effects were also significant. There was a significant treatment effect on time to first visit (hr) (GLMM F 3,65 = 49.83, p < .0001); on average whole and caged seedlings were first visited after 14-16 hr, while
Vaseline-covered seedlings were first visited after c. 52 hr; Figure 4b ).
There was also a significant carryover effect (GLMM F 4,65 = 2.68, p = .039).
The effect of treatment on the probability that wallabies first visited a seedling during the night (vs. daytime) was significant (LR χ 2 = 11.038, df = 2, p = .004, Figure 4c ). The probability that the 
| DISCUSSION
Our results demonstrate the highly sensitive, quantitative and nonrandom search phase of foraging by a mammalian herbivore, the 
| How sensitive are herbivores to quantitative differences in leaf odour?
The quantitative response of wallabies to odour cues, even as the source dropped to just 1-3 leaves, demonstrates the acute sensitivity of this mammalian herbivore. We had previously established that wallabies could detect whole seedlings, and visually obscured damaged leaves detached from seedlings, in complex landscapes (Stutz et al., 2016 . Here, wallabies detected and actively responded to leaves from fractions of a seedling, which equates to less than 1% of their daily food intake requirement. Attraction to even a few leaves may reflect the high value of E. punctata as a food source.
Alternatively, it may reflect the imperfect information and hence uncertainty of odour cues. An odour cue of a particular strength may signal a small food source nearby or a larger food source further away.
Herbivores may need to track the odour to its source to clarify this foraging uncertainty.
From a functional and mechanistic perspective, we suggest the quantitative response of wallabies to a diminishing odour source is driven by a shrinking attraction radius. That is, the fewer the leaves, the closer the wallabies needed to be to detect them. To test this, the next step will be to measure the qualitative and quantitative spatial changes to odours in natural landscapes. Methods such as thermal desorption-gas chromatography-mass spectrometry (TD-GC-MS) are now available to detect part-per-trillion levels of volatile plant compounds in field ambient air (Cai, Xu, Bian, Luo, & Chen, 2015) , providing the means to map odour contours around food sources.
A synthetic herbivore-induced VOC in soybean fields attracted (or repelled) arthropods in a radius of c. 8 m (Braasch & Kaplan, 2012) , while pheromone traps attracted the rice borer, Eoreuma loftini, from 50 to 100 m (Wilson, Beuzelin, Allison, & Reagan, 2016) . This spatial scale of attraction, at 10's of metres, represents a realistic graininess in the odour landscape for foraging mammalian herbivores to exploit.
The quantitative response of wallabies to odour cues contrasted with the unvarying, random response to odour treatments of both the omnivorous brush-turkey (this study) and a grazing mammalian herbivore, the grey kangaroo (Macropus giganteus) (Stutz et al., 2016) . Such a difference highlights that not just any animal responds to the smell of leaves from trees, but, specifically, browsing herbivores that search for and target these as food items.
| Do odour cues of damaged leaves on plants elicit a stronger response from herbivores than intact leaves?
Our results are the first to demonstrate that mammalian herbivores are able to find plants with damaged foliage more easily than those with undamaged foliage. This is likely because damaged leaves emit a stronger odour cue due to higher levels of green leaf volatiles (Scala et al., 2013) and volatile terpenes (Low et al., 2014) resulting in a larger attraction radius. Hijacking odour cues emitted from leaves damaged by any other herbivore, whether invertebrate or vertebrate, would not only increase the search and foraging efficiency of wallabies, but could subsequently alter other interspecific interactions.
It is clear from our results that mammalian herbivores need to be added to the complex set of ecological interactions arising from odour cues. A "cry for help" (Dicke & Baldwin, 2010; Sam et al., 2015) for natural enemies to reduce invertebrate herbivory may actually attract mammalian herbivores, to the detriment of the plant and even to the insects if consumed.
| Is plant odour an essential cue for successful foraging by herbivores at night?
Whole and visually obscured plants were both found similarly day and night, showing that wallabies could forage successfully throughout the 24-h diel cycle provided odour cues were intact, consistent with Stutz et al. (2017) . This temporal pattern contrasts with assumptions that wallabies forage at night and rest during the day (Garnick, Di Stefano, Elgar, & Coulson, 2014), but this is likely to be F I G U R E 5 In experiment 3, a swamp wallaby (a) investigating a Vaseline-covered leaf using its mouth and paws (no leaves were ingested), (b) smelling a visually obscured seedling in the caged treatment, and (c) consuming a leaf from a whole untreated seedling (all leaves consumed in less than a minute) [Colour figure can be viewed at wileyonlinelibrary.com]
context-specific. Animals may rest during the day to avoid excessive heat (Dawson & Denny, 1969) , and given our trials ran from autumn to spring, we suggest the cooler temperatures did not inhibit daytime foraging. Also, vegetation that provides both food and protection from predators can be used by wallabies day and night (Di Stefano, York, Swan, Greenfield, & Coulson, 2009b (Bozinovic & Vasquez, 1999) , macropods of Australia (Dawson & Denny, 1969) and European Alpine ibex in Italy (Aublet, Festa-Bianchet, Bergero, & Bassano, 2009 ).
| Integrating sensory and foraging ecology
Our results demonstrate that mammalian herbivores find plants at different rates due to the odour cues they emit. We suggest these Plant odour should also play a role in the effectiveness and functioning of plant associational refuges, since foraging herbivores may sniff out visually hidden plants amongst neighbours (Stutz, Banks, Dexter, & McArthur, 2015) . Strong VOC-emitters may be costly neighbours to odourless plants by attracting herbivores, leading to shared doom, or even exacerbating the browsing damage on odourless plants via neighbour-contrast susceptibility; similar to the impacts of chemical and structural defence compounds of focal and neighbouring plants (Bergvall, Rautio, Kesti, Tuomi, & Leimar, 2006; Miller, McArthur, & Smethurst, 2009 ).
The ramifications of suppressed odour cues for foraging by mammal herbivores are globally relevant. VOC emissions from both green leaf volatiles and terpenes are altered by multiple stressors (Holopainen & Gershenzon, 2010) and often reduced by lower ambient temperature in cooler seasons (Cai et al., 2015; Hartikainen et al., 2012; Kivimaenpaa et al., 2016) with longer nights when visual cues may be ineffective. We expect a complicated but important interplay between foraging efficiency and changes in odour cue strength as temperature and light levels shift with day (and night) length, season, latitude and longer term with climate change.
Foraging efficiency of mammalian herbivores will also likely be altered by air pollution, which can mask or degrade plant VOCs (Blande, Holopainen, & Niinemets, 2014; Lusebrink et al., 2015 to the forest and woodland ecosystems they inhabit.
Our results indicate that if we fail to recognize and understand how leaf odour and other plant cues shape the search phase of foraging by mammalian herbivores, we miss a key process that affects not only the herbivores, but the broader ecological communityespecially in landscapes depauperate of large carnivores and with highly interactive abundant mammalian herbivores (Ripple et al., 2014) . The influence that mammalian herbivores, such as swamp wallabies (Dexter et al., 2013; Foster et al., 2015) , deer (Cote et al., 2004 ) and elephants (Beuchner & Dawkins, 1961; Daskin, Stalmans, & Pringle, 2016; Western & Maitumo, 2004) , have on shaping plant communities may be as much a function of how different plants smell, as their nutritional quality. By integrating sensory ecology and foraging ecology, we will improve foraging models that aim to understand and predict foraging decisions and foraging outcomes.
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